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PROCESS FOR GENERATING COLLISION SIGNALS 

5 Field Of The Invention 

The present invention relates to a process for generating signals which describe various 
collision events in motor vehicles. 

Background Information 

10 In the event of a collision, it would be desirable to achieve an optimum, stable triggering 
response of the installed restraint systems (air bags, seat belts, etc.) for each type of motor 
vehicle. In other words, the restraint systems should be triggered only when the occupants of 
the vehicle are actually endangered in a collision, and then the restraints should also be 
triggered with a very high degree of reliability. Faulty triggering of restraint systems is 

15 undesirable because it is very expensive to service the restraint systems; insurance companies 
in particular have a great interest in preventing faulty triggering of restraint systems as much 
as possible. Therefore, the algorithm controlling the triggering of restraint systems must be 
adapted individually to each type of vehicle. Calibration of the triggering algorithm is 
performed using collision data that reflect the behavior of the vehicle body in a wide variety 

2 0 of collision situations. 

There are essentially three categories of collisions - front, side and repair collisions. Repair 
collisions should not trigger a restraint system, e.g., bumping of vehicles in parking. Repair 
collisions occur at low vehicle speeds (< 1 5 km/h). The number of actual collisions of a 

2 5 vehicle should be greatly limited for cost reasons. However, to make the triggering algorithm 

as reliable and stable as possible, it would be desirable to have access to a large number of 
collision signals that describe a wide variety of different collision situations. 

It is known from the conference paper of ASL at SAE, no. 920480 that measured collision 

3 0 data can be used to generate new synthetic collision data by mathematical methods to 

describe other collision situations. However, the mathematical method used there to derive 
new collision signals is very complicated and requires a long computation time. Furthermore, 
the collisions synthesized by the known method have a poor correlation with collisions that 



actually occur. 

Summary Of The Invention 

An object of the present invention is to provide a process that will make it possible to 
5 generate a plurality of new collision signals representing a wide variety of collision situations 
with minimal use of computing capacity. 

This object is achieved due to the fact that a core signal is derived by low-pass filtering from 
a collision signal actually measured. The core signal is split into several chronologically 

1 0 sequential signal segments, each signal segment is simulated by a transmission function and 
all the resulting transmission functions are then combined into an overall transmission 
function. Finally, one or more collision signals are formed by varying at least one parameter 
of the overall transmission function. The process according to the present invention needs 
only a single collision signal actually measured to derive a plurality of modified collision 

1 5 signals using a simple mathematical method. 

Brief Description Of The Drawings 

Figure 1 shows a flow chart for the process for deriving new collision signals according to an 
exemplary embodiment of the present invention. 

20 

Figure 2 shows a collision signal curve. 
Detailed Description 

To generate new synthetic collision signals, a collision signal is measured in an actual vehicle 

2 5 collision in a first process step 1 according to Figure 1 and stored in the form of ASCII data, 

for example. Figure 2 shows a collision signal curve measured at a certain location in the 
vehicle as an example. The collision signal represents the change in acceleration or 
deceleration (a) measured at one location in the vehicle as a function of time (t) during a 
collision. It can be seen that at the beginning of a collision, the measured acceleration (a) 

3 0 undergoes very great changes that subside over time. The negative values shown on the 

ordinate axis of the curve indicate that acceleration (a) is negative here, i.e., the motor 
vehicle experiences deceleration on impact with another object. Time t is shown in sampling 



2 



increments on the abscissa of the curve. 



In a second process step 2, a core signal is selected from the measured collision signal. To do 
so, the measured collision signal is sent through a linear FIR filter (filter with a limited pulse 
response) that has a low-pass characteristic and a cut-off frequency between 80 and 200 Hz. 
Due to this filtering, short-period signal peaks are filtered out, leaving a smoothed core signal 
at the filter output. The signal curve illustrated in Figure 2 is one such core signal filtered out 
of the measured collision signal. Upstream from the linear FIR filter there may be a non- 
linear filter (median filter) which eliminates all signal peaks lasting 1 ms or less. The median 
filter thus performs presmoothing before the linear FIR filter. 

The core signal is then split into a plurality of signal segments in process step 3. The 
boundaries of the individual signal segments, indicated by points in Figure 2, are preferably 
set so that each signal segment is a pulse from the overall signal curve. To separate the 
individual pulses, minimums and points of inflection of the signal curve are first determined 
with the help of known signal sampling methods. A pulse is either between two minimums 
or between one minimum and one point of inflection. Whether such a pulse represents a 
suitable signal segment is determined by comparison of the respective pulse with a model 
pulse. It is advantageous for the model pulse to be a gaussian pulse that can be varied 
through two parameters. The first parameter is the pulse width ratio on the right and left of 
the vertical line of symmetry of the pulse at a certain fraction of the overall pulse amplitude. 
For example, a ratio of 1 :5 between the pulse widths on the right and left of the line of 
symmetry is defined at 75% of the overall pulse amplitude. The second parameter for the 
model pulse is the ratio between the pulse amplitudes at the edges on both sides of the line of 
symmetry. This amplitude ratio may be set at 25%, for example. Only when a pulse selected 
from the signal curve is inside the limits defined by the model pulse with regard to the pulse 
width ratio and the pulse amplitude ratio is it treated as a suitable signal segment. A pulse 
that does not meet these prerequisites is added to the next pulse, and together with it, forms a 
signal segment. 

In the next process step 4, each signal segment is simulated by a transmission function in the 
z plane. This transmission function has the following form, for example: 



rr^ bO+Mz- 1 +b2z 2 

He(z) = - (1) 

In this transmission function, He(z), according to equation (1), six coefficients bO, bl, b2, al, 
5 a2, a3 are identified for each signal segment. 

Then in process step 5, an overall transmission function Hs(z) is formed from all the 
individual transmission functions He(z) of the signal segments. 

1 o This overall transmission function has the following form: 
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s m n 



/=i j=o k=o akiz 



where i is the running index for the signal segments, where s is the number of segments; 

j is the running index for the numerator coefficient b, where m is the order of the numerator 
coefficients; 

k is the running index for the denominator coefficient a, where n is the order of the 
denominator coefficient; and 

/ is a segment vector that runs from one segment to the next and indicates the sampling step 
25 at which the respective segment whose transmission function is to be added to the overall 
transmission function begins. 

In process step 6, new collision signals are generated by parameter variations of the overall 
transmission function Hs(z). Parameter variation means that coefficients a in the overall 
3 o transmission function are varied. In the transmission function He(z) selected here, 

coefficients a of the denominator of the overall transmission function Hs(z) form a third- 
order polynomial in the complex z plane. The roots of this polynomial are the poles of the 
overall transmission function. Since this is a third-order polynomial, there is a real pole and a 
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conjugated complex pole pair. New collision signal curves are obtained by varying the locus 
of at least one complex pole within a circle with radius 1 in the complex z plane (a circle with 
radius 1 describes the stability limit). 

Variation of the zero positions, i.e., coefficients b in the numerator, is of no use because it has 
no effect on the frequency spectrum of the overall transmission function Hs(z) but instead it 
affects only its amplitude. This variation would create only new collision signals with a 
varied amplitude but would not alter the shape of the collision signals. 

The measure of the variation of the denominator coefficients a of the overall transmission 
function Hs(z) to generate new collision signals that are as realistic as possible is based on 
calculations of the correlation and the energy deviation (deviation in effective values) 
between synthetic collision signals and real collision signals. Experience indicates that 
variations of 0.1% to 1.0% lead to synthetic collision signals having a close correlation with 
real collisions. 

In deviation from the embodiment described above, an even higher-order transmission 
function can be used instead of a third-order transmission function. Likewise, even a second- 
order transmission function can be used. 

The process on which the present invention is based makes it possible to derive new collision 
signals from core signals with a rather high filter cut-off frequency of up to 200 Hz. This 
guarantees that important information on the collision signal actually measured is preserved 
in generating synthetic collision signals. 

The collision signal actually measured is composed of the core signal selected by filtering 
and a residual signal. The residual signal can also be varied and superimposed on the varied 
core signal to synthesize new collision signals. 



What Is Claimed Is: 

1 . A process for generating at least one descriptive collision signal describing motor 
vehicle collisions, comprising the steps of: 

deriving a core signal by low-pass filtering a collision signal actually measured; 
splitting the core signal into a plurality of chronologically sequential signal segments; 
simulating each of the signal segments using a respective transmission function; 
combining the transmission functions to form an overall transmission function; and 
forming the at least one descriptive collision signal by varying at least one parameter 
of the overall transmission function. 

2. The process according to claim 1, wherein the core signal is split into individual 
pulses. 

3 . The process according to claim 2, further comprising the step of determining the 
signal segments by comparing the individual pulses with a model pulse, and accepting one of 
the individual pulses as an individual signal segment when the individual pulse is within 
preset limits relative to the model pulse, the model pulse being a gaussian pulse, the gaussian 
pulse being variable through a plurality of parameters. 

4. The process according to claim 1 , wherein the signal segments are simulated using the 
transmission function in a complex z plane in the following manner: 

b0+blz~ l +b2z- 2 
He(z) = — — 

l+alz~ 1 +a2z 2 +a3z 

wherein bO, bl, b2, al, a2, and a3 are coefficients identified for the signal segments. 

5. The process according to claim 1 , wherein the overall transmission function is 
determined in the following manner: 

s m n r .. -1 

hs(z) = E E E 

i= i j=o fe=o akiz 
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wherein / is a running index for the signal segments, with s being a number of signal 
segments; 

j is a running index for a numerator coefficient b, with m being an order of the 
numerator coefficient; 

&isa running index for a denominator coefficient a, with w being an order of the 
denominator coefficient; and 

/ is a vector denoting boundaries of the signal segments. 

6. The process according to claim 5, wherein at least one complex pole in the overall 
transmission function is varied to form the at least one descriptive collision signal. 



7 



Abstract Of The Disclosure 
A relatively uncomplicated process for generating collision signals that describe various 
collision processes involving motor vehicles. The process involves deriving a core signal by 
low-pass filtering from a collision signal actually measured, splitting this core signal into 
several signal segments, simulating each signal segment by a transmission function, then 
combining all the transmission functions into one overall transmission function, and forming 
one or more new collision signals by varying at least one parameter of the overall 
transmission function. 
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COMBINED DECLARATION AND 
POWER OF ATTORNEY FOR PATENT APPLICATION 

As a below named inventor, I hereby declare 

that: 

My residence, post office address and 
citizenship are as stated below adjacent to my name. 

I believe I am the original, first and sole 
inventor (if only one name is listed below) or an 
original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 
"PROCESS FOR GENERATING COLLISION SIGNALS," and the 
specification of which: 

[X] is attached hereto; 

[ ] was filed as United States Application 

Serial No. on , 19 

and was amended by the Preliminary 

Amendment filed on , 19 . 

[ ] was filed as Application Number 

, on the day of , . 

[ ] an English translation of which is 
filed herewith. 
I hereby state that I have reviewed and 
understand the contents of the above- identified 
specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information 
which is material to the examination of this application 
in accordance with Title 37, Code of Federal Regulations, 
§1.56 (a). I hereby claim foreign priority benefits under 
Title 35, United States Code § 119 of any foreign 
application (s) for patent or inventor's certificate or of 
any PCT international applications (s) designating at 
least one country other than the United States of America 
listed below and have also identified below any foreign 
application (s) for patent or inventor's certificate or 
any PCT international application (s) designating at least 
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one country other than the United States of America filed 
by me on the same subject matter having a filing date 
before that of the application (s) of which priority is 
claimed: 

PRIOR FOREIGN/PCT APPLICATION (S) 

AND ANY PRIORITY CLAIMS UNDER 35 U.S,C . § 119 

Country : Federal Republic of Germany 
Application No. : 1 96 47 920.7-52 
Date of Filing: November 20, 19 9 6 
Priority Claimed 

Under 35 U.S.C. § 119 : [X] Yes [ ] No 

I hereby claim the benefit under Title 35 7 United States 
Code § 12 0 of any United States Application or PCT 
International Application designating the United States 
of America that is/are listed below and r insofar as the 
subject matter of each of the claims of this application 
is not disclosed in that/those prior application (s) in 
the manner provided by the first paragraph of Title 35, 
United States Code § 112, I acknowledge the duty to 
disclose material information as defined in Title 37, 
Code of Federal Regulations § 1.56(a) which occurred 
between the filing date of the prior application (s) and 
the national or PCT international filing date of this 
application: 

PRIOR U.S. APPLICATIONS OR 
PCT INTERNATIONAL APPLICATIONS 
DESIGNATING THE U.S. FOR BENEFIT UNDER 35 U.S.C. § 12 0 

U.S- APPLICATIONS 

Number : 

Filing Date : 

PCT APPLICATIONS 
DESIGNATING THE U-S. 



PCT Number : 
PCT Filing Date 
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I hereby appoint the following attorney (s) 
and/or agents to prosecute the above- identified 
application and transact all business in the Patent and 
Trademark Office connected therewith. 
(List name(s) and registration number(s)): 

Richard L. Mayer, Reg. No. 22 , 49 0 

Gerard A. Messina, Reg. No. 35,952 

, Reg. No. 

, Reg. No. 

All correspondence should be sent to: 

Richard L. Mayer, Esq. 

Kenyon & Kenyon 

One Broadway 

New York, New York 10004 

Telephone No.: (212) 425-7200 
Facsimile No. : (212) 425-5288 

I hereby declare that all statements made 
herein of my own knowledge are true and that all 
statements made on information and belief are believed to 
be true and further that these statements were made with 
the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment or both 
under Section 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the 
validity of the application or any patent issuing 
thereon. 
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Full name of first inventor Marko MASCHEK 

JvtA gJLJZ Date Jii^jJir 



Inventor's signature 

Citizenship German 



Residence Queen's C ollege 



CB39ET Cambridge 



United Kingdom 



Post Office Address Same as above 
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Full name of second inventor Michael HENNE _ 

Inventor's signature v )^v Date % ! X\} j { \^ 

Citizenship German 

Residence Schillerstrasse 33 

74374 Zaberf eld 

Federal Republic of Germany 

Post Office Address Same as above 
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